LATE CRETACEOUS AND CENOZOIC VEGETATION IN
CHINA, EMPHASIZING THEIR CONNECTIONS
WITH NORTH AMERICA!
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ABSTRACT

The close floristic relationship and disjunct occurrence of many plant taxa between eastern Asia
and eastern North America has been given special attention by many botanists. Formerly some people
thought that this close floristic link was a result of extensive migrations mainly th{ough Beringia, but
recently plate tectonic studies demonstrated that the opening of the North Atlantic Ocean was com-
pleted as late as the middle Eocene and the land bridge (Beringia) between As;a apd North Ame;'lca
was not available until the Miocene. Thus the extensive muigrations via Beringia did not occur be.ore
the Miocene. The present paper reviews the Late Cretaceous and Cenozoic vegetation in China,
enumerating plant megafossils of the Late Cretaceous and the Cenozoic Periods so far recorded there.
One-half to two-thirds of the Late Cretaceous plants and one-fourth to one-half of the Late Eocene

taxa seem similar (or nearly identical) to those of North America, apd some plants are cosm:;::hatzg
in Laurasia. This indicates that these plants must have migrated directly between eastern AS

eastern North America via Europe. So far as the megafossils are concerned, after the Eocene only ;
few Chinese species are common with those of North America. So most of the 1sola}ed anc} dl%ufed
genera of eastern Asia and eastern North America are remnants of ancient plants widely distribu lic
all over the Northern Hemisphere. Eastern Asia and eastern North America at present are two I¢

temperature centers of the Northern Hemisphere.

The recent flora of China, one of the richest
in the world, is a mixture of northern temperate
elements and tropical to (northern) subtropical
elements. It is characterized by many relic gen-
era and has a close floristic relationship with that
of eastern North America.

As to the relicts, in ferns there are Angiopteris
and Archangiopteris: in gymnosperms, Ginkgo,
Metasequoia, Cephalotaxus, Amentotaxus, Tor-
reya, T'axus, Pseudolarix T suga, and Pseudotsu-
ga; and n angiosperms, Magnolia, Trochoden-
dron, Liriodendron. Saururus, Illicium,
Schisandra, Nelumbo. Euptelea, Eucommia,
Cercidiphyllum, Aralia, Nyssa, and Menisper-

mum. Most of them are relic genera of the Late
Cretaceous.

Fossils like Ginkgo and A4 ngiopteris have been
recorded from southwestern China in the Late

I'massic (Hsii et al., 1974); Torreya and Taxus
were described from the Jurassic of Europe by
Florin (1958); Metasequoia was quite abundant
In the Late Cretaceous and the Late Eocene of
northeastern China. Metasequoia. Glyptostro-

bus, Cryptomeria. C unninghamia, Cephalotax-
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us, and Amentotaxus were widely dismbuwgrl:
Eurasia and North America during t.he .L.atc 2=
taceous (Florin, 1963). Now some primitive o
ilies of angiosperms, such as, Magnollaceaec’eae'
lycanthaceae, Schisandraceae, Nyssd "
Staphyleaceae, Platanaceae, Saururaceae, ;’; i
liciaceae are widely distributed both In -
East, Central, and southwestern China on thfiher.
hand and eastern North America on the Zm?’.
The genera Fagus, Lithocarpus, .Castz.l:;a;a yi-
cus, Trigonobalanus, Diphylleia, Linde Buck-
tilbe, Itea, Hamamelis, Cladrastis, Ca’y“'m s
leya, Stylophorum, Penthoruf"' D e.C:amhus,
Gymmocladus, Ascyrum, Halesia, Cthf oy
Campsis, and Catalpa are examples O . ons (Li
tribution pattern between these tWO “’f‘m .
1971). Others like Wisteria, Apios, Pachy

. hus S5
Glaucidium, Gordonia, Nyssa, Ch’?"a?p igaed.
Stewartia, Panax, Pieris, Lyonia, Phrymé

Shortia, Gelsemium, Veronicasirum. rhend
Mitchella, Triostreum, Zizama, Dc"Zlasi -
Croomia, Symplocarpus, Tipularia.

and Diospyros are also disjunct betwee;ll 1972).
Asia and eastern North America (Li, 1975
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These genera, formerly believed to number about

80, are now increased to more than 120, among
which 112 are recorded from China (Wu, 1984).

To these facts special attention has been paid
by many phytogeographers since the time of Asa
Gray (1846) and later on by Good (1947), Li
(1971, 1972), Wu (1984), and many others. The
cause of this disjunction has been demonstrated
by various authors from paleobotanical, ecolog-
ical, and floristic points of view. Li (1971: 404
ftOS) thought that ““the present isolated and dis-
junct floras of eastern Asia and eastern North
America appear to be the remnants of a great
mesophytic forest that extended over all the
northern hemisphere and reached the arctic re-
glons in the Tertiary. Geological changes, in-
CIUQing mountain elevation, submergence, cli-
Matic vanations, glaciations, etc., have destroyed
and changed the floras of many lands so that this
mCSQDhytic forest of the Tertiary in the northern
hemisphere survives in eastern Asia and eastern
North America, with only relicts scattered in
southeastern Europe, western Asia, and western
North America.” But Li did not mention the
‘oute of migration. However, Takhtajan (1969,
P. 175) wrote that during the Late Cretaceous
there existed extensive migrations and close links
between Eurasia and North America, both by the
Nonh Atlantic route (across the landbridge that
ncluded what is now Greenland and Iceland)
aF‘d by the North Pacific route (through Berin-
812). He further suggested that the link through
?:ﬂngxg was 'a .pa.rticularly strong one and served

a bridge joining North America directly to
le:j:m As.ia. ‘Anyway, judged from current pa-
o agnetnc investigations, there was no land
: :83 In the &@g area available between Asia
1d North America before the Miocene.
cel" the present paper I review the late Creta-
C}?US and Cenozoic history of the vegetation of
ﬂorlzlxlsa" trace' the successional stages of the past
e In China, analyze the possible causes for
. d\fal of such a large number of relics in China,
e 'SCuss the relationship of the Chinese past
licular‘lmh those of eastern North America, par-
e y Crﬂphasn.zmg the migration routes be-

tastern Asia and North America.

GEOLOGY AND PALEOGEOGRAPHY

byAgci ording to the paleogeomagnetic data given
leg €1z and Holden (1970) during the late Pa-
G “0ic and the early Mesozoic, North America,

‘®enland, and Eurasia were united together as
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a supercontinent, Laurasia. Even up to the start
of the Tertiary, northern North America re-
mained firmly attached to Eurasia, with Green-
land sandwiched between them. Van der Linden
(1975) proposed that the Labrador Sea in the
North Atlantic opened 1n two stages, the first in
the late Jurassic—early Cretaceous (about 138 to
110 million years ago) and the second in the early
Tertiary (about 60 to 47 million years ago). By
the Late Cretaceous, southern Europe was situ-
ated at a lower latitude somewhere about 15 to
30°N, the eastern United States at 19 to 20°N,
and the Bering area at a higher latitude at 75°N

(Dietz & Holden, 1970).
Passing on to the start of middle Eocene (about

49 million years ago) North America and Green-
land began to separate from Eurasia and the North
Atlantic became a major ocean (Raven & Ax-
elrod, 1974; Schuster, 1976). Europe had drifted
some degrees northward (Dietz & Holden, 1970).

According to these authors, India was cut free
from east Africa and initiated its migration
northward at the beginning of the Jurassic (about
180 million years ago). McElhinny (1970) pre-
sented data indicating that the initial rifting took
place only in the Mid-Cretaceous, about 100 mil-
lion years ago. So it is safe to say that the Indian
block migration started only after the middle
Cretaceous. This plate, drifting northward some
5.000 km at an average rate of 7.5 cm per year,
with rates varying from 16 cm per year to less
than 6 cm per year, reached Eurasia and joined
up with northern Xizang (Tibet) by the middle
Eocene, about 40 to 45 million years ago, to
become a subcontinent of Asia (Hsii, 1978). The
suture of the Indian plate and the Eurasian plate
lies along the Yarlung-Zambo valleys. So the
southern part of Xizang is actually a part of Gon-
dwanaland.

At the same time, the Himalayan orogenic im-
pulses affected by the collision of the Indian plate
and the Eurasian plate caused the uplift of the
Himalayas and withdrawal of the Tethys, the
Obé Sea in Central Asia, and the Kachi Bay in
western Sinjiang, during the time of Oligocene
(about 25 to 40 million years ago).

By the estimate of Deffeyes (1973), the tectonic
movement of the Pacific plate was northwest un-
til 60 million years ago. Until 25 million years
ago, the plate moved directly northward. Up to
the present it moved 1,500 km at an average rate
of 25 cm per year. Today, for certain plates, mi-

gration rates of 16 cm per year are generally ac-
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FIGURE 1. Late Cretaceous fossil localities of China: 1. Northern China; 2. Southern China. Heavy CYe

represent mountain ranges.

cepted as accurate, at least for portions of the
time intervals. This suggests that from the mid-
dle Paleocene to present, the Pacific plate has
moved 9° northward. So it is reasonable to es-
timate that from the late Cretaceous to the pres-
ent, if the map given by Dietz and Holden (1970)
1S correct, Asia was relatively stable and would
have moved about 10 to 13° northward.

By the late Cretaceous the northern side of

China was bordered by Siberia and Outer Mon-
goha (Fig. 1). Ancient land of Xizang and Talimu

were not yet covered by water. In western China,
a series of mountain ranges, the Altai, the Tian-
shan, the Kunlun, the Altyn Tag, and the Q-
lhanshan, running from west to €ast, already ex-
isted (Fig. 1). The watershed of the Salween-

Mekong-Yangtze Rivers (the Hengduan Shan
Ranges) had already

ling Mts. Some more mountains had been folgf:
in Jilin (Kirin) and Liaoning before Tf:rnary <
to the effect of the collision of the Pacific andXi-
Indian plates against the Eurasian plate. T:;or(h
zang, Yunnan-Quizhou, North China, and g
Shinsi Table-Lands began to form. Amomm
mountains of northeastern provinces a larg®

Songhua Lake, appeared. Judged from - dprf;
ence of gypsum and salt in the depqsnts an e
mation of red beds of southern Chm?’ . rassic
dry zone persisted there from the Mld;l Asid,
up to the Oligocene, ranging from Cen Qinlink
Yunnan to East China, south of the
Ranges.

During the early Tertiary, -
ment ofgthe Indian plate against the E“';;:
plate, all the mountain ranges in wester?
gradually arose. At the same Hme, theforl!”“L
and the Yunnan-Quizhou plateaus Wer® ol
Then, the Shaanxi-Shanxi and the J lan?;.nono‘
teaus came into existence due 10 thf’ Couw e. BY
the Pacific plate against the Emtasxaﬂ plﬂfw
the same process many mountains we?n), and
in Zhejiang (Chekiang), Fujian (F“k]tha,gp
Guangdon (Kwangtung) of East and Sou
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:
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FIGURE 2. Paleogene vegetation of China: 1. Dry climate flora of northwestern China; 2. Warm temperate
10 subtropical deciduous and coniferous forests of northeastern and North China; 3. Dry climate subtropical
floras of Central China; 4. Subtropical deciduous and evergreen forests with coniferous forests of East China;
. Subtropical deciduous and evergreen forests associated with coniferous forests and tropical mangrove vege-

‘ation of South China; 6. Subtropical vegetation of Yunnan and Xizang.

Rising of the ocean water level led to an eastern
4 coast closer to that of the present. But the
“0ast range geosyncline extended along the Pa-
Cfic margin of South and East China from
G“a“gd‘mg to Fujian, so the South China Bay
¥as formed and Taiwan became submerged. In
the mefmtime a series of large lakes appeared In
the fegions south of Beijing, north of Shanghai,
and south of Dabie Mts. (Fig. 2).
I,)‘"‘mg the late Tertiary, the topography of
China became closer to that of the present. The
lS:a of Japan, the Yellow Sea, the East Sea, and
¢ SOl{lh China Sea began to appear. Taiwan
?:d Hainan were uplifted to become islands. Up
Ch}he late Pliocene, many mountains of West
Rama arose. The Himalayas and the Tanggula
meﬂge.s “Dl'{eaved over 3,000 m in elevation, and
3 Oo(g‘”ghal-Xizang Plateau became higher than
B’as‘ M above the sea-level. The Talimu (Tarim)
‘0, south of the Tianshan Ranges of Sinjiang
Province and the Quidam (Tsaidam) Basin of
Qinghaj province (Kokonor) turned into dry re-

gions. Later on these dry regions extended further
eastward up to the west part of Gansu (Kansu).
Finally, the Talimu Basin became desert and
some parts of Qinghai and Gansu gradually
changed to semidesert (Fig. 3).

By the Quaternary, the topography of China
was almost identical to that of the present but
with slight differences. The Gulf of Pohai ap-
peared in North China during the interglacial
periods (Fig. 4). Hainan Island was once con-
nected with the continent, but later a strait formed
between them due to local subsidence of land.
In northeastern China, the Taixinanling and the
Xiaoxinanling Mountains were elevated, and in
North China Taihangshan and the Inner Mon-
golian and the Loess Plateaus were raised. By
that time the Himalayas and the Xizang Plateau
were rapidly uplifted. The Xizang Plateau was
only about 3,000 m in elevation in the early
Pleistocene, but it reached 4,000 m in the late
Pleistocene and in the Holocene went up to 4,500
to 5.500 m (Xu, 1981). At the same time, the
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FIGURE 3. Nc:ogene vegetation of China: 1. Temperate forests and grasslands to semidesert-desert go;:’ otk

nogthwestern Chlpa; 2. Temperate to subtropical deciduous forests and grasslands of nor}hCaStem an Forests
China; 3. Subtropical deciduous and evergreen forests of Central and East China; 4. Subtropical evergreen

and tropical mangrove vegetation of South China: 5. Subtropical deciduous and evergreen forests

and Xizang,

mountains of North China were further uplifted.
Inner Mongolia, Shanxi, Shanxi, and a part of
Gansu became table-lands. Loess blanketed much
of this part of the country. Judging from the pa-
lynological data, I suggest that the Qinling may
have reached its present altitude after the early
Pleistocene. The desert of northwestern China
further extended eastward. As a result of this
development, western portions of Inner Mon-
goha and Heilongjiang became desert or semi-
desert.

It 1s well known that the Quaternary had sev-
eral ice-ages. The poles of the earth were entirely
covered by ice caps and glaciers occurred wher-

ever the altitude was high enough. During the
Pleistocene the ice caps increased very much in

size and area, and the glaciers not only became

of Yunnad

. : thick-
sheets reached their maximum extent and

100 m below the present level. V
made from the present depths of shore - ot
coral reefs, etc. give a minimum figure Oh:now
60 m (Brooks, 1950). In this way many -;wd
seas around the world would have disaP allo¥
So it is reasonable to assume that all the s tand
seas along the Pacific coast of China wefcm m
at least several times during Pleistocent: Jands
dition, some of the southern J apanese ! h e
were connected with each other and W wert
main continent of Asia. Taiwan and H.ami‘;‘oum'
connected with the mainland of Chfna“ﬂa wert
eastern Asia and the Malaysian Penins (sland
connected with Borneo, the Philippin€ :e wert
Celebes, Sumatra, and Java. Moreover. tlcllc ot
also some land bridges between the Indo
islands, the Moluccas, New Guinea,
lha.

At present, the western Aleutians
on both the north and the south bY

[VoL. 70
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b}“ the Bering Sea and the north side of the Aleu-
Uans and the Alaska Peninsula are bordered only
by a shallow sea 27 to 95 m deep. So this portion
Of the Bering region would have become a very
Wide land mass favorable for plant migration
th\.ween €astern Siberia and Alaska. However,
during the interglacial periods, as the glacial sheets
fClreated and a large mass of the glaciers melted,
*a level would have returned to the level of the
‘nierglacial periods, more or less like that of the
Dresept. Plant migration would have been tem-
Porarily blocked by sea between them.

CLIMATE

It is génerally accepted that Cretaceous tem-
m‘,“rc was higher than that of the present. Ac-
“Ording 1o the estimate of Schwarbach (1963),
the _a‘fefage annual temperature of the Late Ju-
458IC in the world ranged between 25°C and 28°C.
'n the Early Cretaceous, the maximum temper-
;lure was 24°C, but in the Cenomanian (about

510 103 million years ago), sea temperature

i — A

FIGURE 4. Changes in Quaternary vegetation of China: 1. Appearance of taiga; 2. Migration southward of
mperate deciduous forests; 3. Expansion of dry climate flora n northwestgrn Chmg; 4, Chﬁes in vegletattnec:?
due to oscillation of temperature; 5. Vegetational changes in Xizang; 6. Certain evolutionary changes accelerated;

7. Migration of plants via temporary land connections.

was reduced to 16°C. In the Coniacian-Santonian
(about 80 to 90 million years ago), sea temper-
ature rose to 22°C, but by the end of the late
Cretaceous it declined again to 20°C. Saito and
van Donk (1974) determined the i1sotopic tem-
perature of bottom-water at the same sites around
14 to 15°C for Campanian (about 70 to 78 mil-
lion years ago) and early Maastrichtian (about
68 to 70 million years ago), about 12°C higher
than that of the present. It suggests a mild tem-
perate climate in polar regions with surface-water
around 14 to 15°C. Sea surface temperature de-
clined over 2°C from the Middle to the Late
Maastrichtian (about 66 to 68 million years ago),
and further declined by 1.5°C from the late Maas-
trichtian to the early Paleocene (about 64 million
years ago).

Gordon (1973) suggested that “Cretaceous
oceanic circulation was an equatorial current sys-
tem flowing through the Tethys and across the

northwestern Pacific Ocean in a circumglobal
band of warm water with its own characteristic

fauna.” Western winds probably existed at high
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latitudes in the Northern Hemisphere, and cur-
rent gyres existed as in the present. Drewry,
Ramsay, and Smith (1974) claimed that the trade-
wind system existed during the Mesozoic and
Tertiary.

During the Late Cretaceous, China mainly lay
1in the tropical to subtropical region of about 5
to 40°N, but the northernmost part probably was
in the warm temperate zone. Due to plate tec-
tonic movement of the Pacific plate and the In-
dian plate against the Eurasian plate, China would
have drifted some 10 to 13° northward, as men-
tioned above, from the Late Cretaceous to the
Quaternary. Accompanying the rapid shifting of
geographical position and uplift and the appear-
ance of a series of great mountain ranges in the
western part of China, the climate changed grad-
ually from warm to cooler; so the basic devel-
opment of the climate in China may be divided
into three stages: Late Cretaceous to Eocene, Oli-
gocene to Pliocene, and Quaternary. The annual
average temperature from the Late Cretaceous
to the present has decreased about 12°C.

During the Late Cretaceous, the warm Pacific
current bathed the eastern shore of Asia, steadily
drifting poleward with the warm Indian Ocean
drifting in a northwesterly direction around the
northern shore of the Tethys. Accompanied by
warm winds these currents produced the warm
climate in China and caused abundant rainfall
in the northeastern part and less in the southern
and western parts. There still was a great expan-
sion of dry belt from southwestern. Central, South
to East China. Summarizing, in China the cli-
mate of the Late Cretaceous was basically sub-
tropical.

By Eocene time, the warm Pacific and Indian
ocean currents were still present. Frakes and
Kemp (1972) determined from OXygen 1sotopes
that the mean annual temperature of the warm
Pacific Ocean current along the eastern coast was

37°C. The mean annual lemperature around
Beijing was calculated to be slightly more than
20°C. At the same time, the climatic conditions
In other areas were similar to those of the Late
Cretaceous. Some large lakes appeared south of
Beijing and southern Liaoning, so the climate of
these parts was probably wetter than earlier.

In the Oligocene, the mean annual tempera-
ture of the Pacific Ocean current along the coast
of southern China declined to 18°C, although the

direction of the current was the same as before

The temperature of the Indian Ocean current
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the plant fossils found at Weipan (109.5°E:
in Shinsi Province and Panxian (104.

. ina 18
the present in the eastern part of China

of the upheaval of the Himalayas anl

interglacial periods of early and mi
tocene was relatively
late Pleistocene and Holocene 1
came dry and very cold. Other parts :
China also became dry and cold. *
temperature and amount of precip!

then dropped to 34°C. The mean annual tem-
perature of Beijing has been calculated to be about
15 to 20°C. The mean annual temperature 1S now
about 15°C. By this time the climate of China
south of the Qinling Mts. turned warm and wel
and that north of the Qinling Mts. became slight-
ly drier and less warm.

During the late Tertiary, the average annual
temperature gradually dropped 7 to 10°C. Manj
mountains of southwestern China, such as the
Himalayas—which were at least about 2,500 to
3.000 m in elevation, the Kunlun, the Altyn Tag
and the Hengduan Shan, became barriers, block-
ing the monsoonal winds from the Indian Ocean
passing into Tibet. The climate of this paﬂ of
China, such as the Talimu Basin, the Quidam
Basin, Inner Mongolia, and the wesiern part of
Gansu, became drier and warmer. As 2 result Qf
rapid uplift of the Himalayas, the climate of Xi-
zang and Qinghai became drier and colder.
contrast, the eastern part of China was subjecte
to the moderating influences of the [ndian and
the Pacific Oceans and became warm and Wet
Due to the barrier of the Qilian Shan and i
Qinling Mts. across the middle part of Chm;']
running from west to east, cold air masses {10
Siberia were blocked and the climate of SO““‘:;
China became warm and wet. According 10 :
results of recent investigations on tl}e geOlO?y :
China during the Pleistocene, there 15 1O v &
evidence of glaciation on the mountains ! i
eastern part of China, except the Taibel Shan §
the Qinling Ranges. But the temperature oy
northeastern China became cooler al{d 51‘3‘2".
drier than before and was temperate 11 na
There was a marked drop of temperature wutc
Quaternary. In comparing it with that of the ot
Cretaceous, the average annual tem.pcfa
would have declined 14 to 24°C. Judginé

in Guizhou Province, the difference ;; g and
ature between the Wisconsin Glacial

8°C lower.
As the Quaternary is the most

u during

ddle 1’"5:

moderate. But UP v be-
he climai€

f wester

Plateau, the climate of Xi1zang Platea

1d. Howeven 5

tation of the

[VoL. 70
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southernmost part of southwestern China and
the coastal region of South China, Guangdong,
and Guangxi, the Hainan Island, the southern
part of Taiwan and the islands of South China
Sea were tropical.

LATE CRETACEOUS VEGETATION IN CHINA

During the Late Cretaceous and Cenozoic, the
Chinese floras were differentiated into two major
floristic zones, the northern and the southern.
The demarcation was clearly controlled by a chain
of mountain ranges, running from west to east,
that is, the Kunlun, the Altyn Tag, the Qilian
Shan, the Qinling, and the Dabie Shan. The vege-
tation as a whole was subtropical.

According to Berry (1937) and Axelrod (1952),
by the middle Cretaceous the floras of the world
were already differentiated into Arcto-Creta-
ceous, Tropical Cretaceous, and Antarcto-Cre-
laceous provinces. The Late Cretaceous was fur-
ther differentiated into two distinct floras— Boreal
and Tethyan (Takhtajan, 1969)—corresponding
'0 the Arcto- and Tropical Cretaceous Floras.
The Boreal-Cretaceous flora was temperate in
flature, consisting chiefly of mesophyllous decid-
40us trees and shrubs together with ginkgoes,
conifers, and ferns. This flora was widely dis-
iibuted in the northern part of North America,
the Arctic, Greenland, North, Central and north-
“astern Europe, Kazakhstan, Siberia, the Far East
ofthe U.S.S.R., Korea, and Japan. The Tethyan-
Cfe}aceous flora was subtropical in nature, con-
YIsling mainly of evergreen trees and shrubs, with
*0me deciduous, comparatively narrow-leaved
lorms. In this flora, Lauraceae, Aquifoliaceae,
“vergreen Fagaceae, and palms were character-
'SUc, as well as Myrtaceae and Sapotaceae. It was
Wldcly distributed in the southern part of North
America, southern England, southern Europe, the
BallIF, the Caucasus, the southern part of the
“4spian Sea, Turkman, Central Asia and the main
:l:n of China, gnd Outer Mongolia. In the south-
R part of this region, a broad, seasonally dry
: ¢ extended from Spain and north Africa,
an’:llgh West and Central Asia to eastern China
o northern Indo-China, judged from litho-
é:!;cal data. South of the subtropical Tethyan-
ﬂo:ceou§ flora lay the Paleotropical Cretaceous
s Fossils kpown from Nigeria, Egypt, Sypa,
ﬂoq’ and Iran indicate the existence of a tropical

fa of the Malaysian type. Remains of man-
grn:vF vegetation flourished on the northern shores

islands of the Tethys (Takhtajan, 1969).
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LATE CRETACEOUS FLORA OF NORTHERN CHINA

Late Cretaceous fossils of northeastern China
have been recorded from the Hunchun Group in
the Hunchun Basin of Jilin and the Sungari Series
of Wuyun of Heilongjiang (Fig. 1:1).

Both megafossils and microfossils were mainly
of ligneous plants, though sporopollen assem-
blages included ferns, gymnosperms, and her-
baceous plants.

Flora of the lower part of the Hunchun Group
and Hunchun Basin (130°E, 42.8°N) of Jilin, of
Turonian to Senonian age (95 to 67 million years
ago) represents a mesophyllous deciduous forest
characteristic of a warm-temperate, humid cli-
mate. In this flora the conifers Glyptostrobus
europaeus (Brongn.) Heer and Metasequoia cu-
neata (Newb.) Chaney are very abundant. An-
giosperms include Populites cf. litigiosus (Heer)
Lesq., Juglandites poliophyllus G. et L., Trocho-
dendroides vasilenkoi 1ljin et Rom., Protophy!l-
lum multinervis Lesq., P. haydenii Lesq., P. spp.,
and Leguminosites (Guo & Li, 1929).

A similar flora of the Late Cretaceous from
Wuyun (129.8°E, 49.11°N) in Heilongjiang flour-
ished in a warm temperate to subtropical humid
climate and is under investigation by Tao of our
laboratory. In this flora Osmunda greenlandica
(Heer) Brown and the conifers Metasequoia and
Sequoia were predominant, associated with a few
specimens of Thuja cretacea (Heer) Newberry.
The angiosperms include Protophyllum cf. mi-
crophyllum G. et L., Pseudoprotophyllum cf.
dentatum Hollick, Betula prisca Ett., Alnus, Pop-
ulus carneosa (Newberry) Bell, Ziziphus phos-
phoria Krysht., Mahonia cf. furnaria Brown,
Menispermites borealis Heer, M. obtusiloba Lesq.,
M. kuliensis Tanai, Ampelopsis acerifolia (New-
berry) Brown, Debeya tikhonovichii (Krysh.)
Krassilov, Trochodendroides arctica (Heer) Ber-
ry, Tetracentron, Sorbaria, Tiliaephyllum cf.
tsagajanicum Kapacnorb., Viburnum cupa-
nioides (Newberry) Brown, V. antiquum (New-
berry) Hollick, V. asperum Newberry, Bauhinia,
Pterospermites auriculaecordatus Hollick, Cissus
marginata (Lesq.) Brown, Rhus cf. turcomanica
(Krysht.) Kor., and Cyclocarya.

These fossils lived on the shore of ancient
Songhua Lake. They contributed to a meso-
phyllous deciduous forest, with a few evergreen
plants, including Mahonia in the forests. At pres-
ent. Bauhinia, Pterospermum, Rhus, and Cissus
occur in tropical-subtropical regions.

Judged from the fossils, the Late Cretaceous
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flora of northeastern China belonged to the Bo-
real Cretaceous Flora. It contained a great many
temperate taxa, such as A/nus, Betula, Corylus,
Populus, Salix, Tilia, and Zizyphus, and a few
warm temperate to subtropical ones, notably
Mahonia, Glyptostrobus, Metasequoia, Sequoia,
Platanus, Tetracentron, Cyclocarya, Myrica,
Nymphaea, and Trochodendroides. The warm
temperate to subtropical elements, such as Am-
pelopsis, Viburnum, Sorbaria, Rhus, Cercidi-
phyllum, and Schisandra, are quite abundant.
Moreover, tropical elements, such as Bauhinia,
Cissus, Pterospermites, Dombeya, Dombeyopsis,
and Grewiopsis, were associated with the ancient
taxa Protophyllum, Pseudophyllum, and Dry-
ophyllum.

Altogether about 40 species have so far been
recorded. Twelve of them, Osmunda greenlan-
dica, Glyptostrobus europaeus, Thuja cretacea,
T'rochodendroides arctica, T. vasilenkoi, Meni-
spermites borealis, Betula prisca, Populites cf. li-
tigiosus, Debeya tikhonovichii, Ziziphus phos-
phoria, Tiliaephyllum cf. tsagajanicum, and Rhus
cf. turcomanisa seem similar to or nearly iden-
tical with European, Central Asia, and Siberian
Cretaceous plants. Eighteen of them, Osmunda
greenlandica, Thuja cretacea, Metasequoia cu-
neata, Trochodendroides arctica, Cercidiphyl-
lum arcticum, Protophyllum multinervis, P. hay-

denii, Populites cf. litigiosus, Menispermites

obtusiloba, Ampelopsis acerifolia, Pterosper-
mites auriculaecordatus, Pseudoprotophyllum cf.
dentatum, Viburnum antiquum, V. cupanioides,
V. asperum, Cissus marginata, Populus carneo-

sa, and Mahonia cf. furnaria seem similar to the
North American Cretaceous plants.

LATE CRETACEOUS FLORA OF SOUTHERN CHINA

Turning to southern China, fossils of Brachy-
phyllum rhombiomaniforum Kuo. Cinnamo-
mum hesperium Knowlton, C. newberryi Berry,

Nectandra prolifica Berry and N. guangxiensis
Kuo have been recorded from the Bolj Forma-

tion of Cenomanian age in the Yongning of

Guanxi (Guo, 1979) (Fig. 1:2).
Palynological data show that the flora of the
late Early Cretaceous to Cenomanian in J 1angsu

and Zhe1ijlang was dominated by Classopollis

(pollen of Brachyphyllum and Pagiophyllum),
Ephedra, Quercus, Schizaeaceae, and Ulmaceae.

During this period pinaceous pollen was less

common (Wang et al., 1979: Song et al., 1981).
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These plants indicate that a dry-climate flora |
flourished in this subtropical region. Of the species
noted above, similar fossils have been recorded |
in North America, such as Cinnamomum hes-
perium, C. newberryi, and Nectandra prolifica
Clearly, the Late Cretaceous flora of southem |
China was part of the Tethyan-Cretaceous flora

PALEOGENE VEGETATION IN CHINA

The Chinese Tertiary flora can also be basically
divided into two zones, demarcated by the same
mountain ranges as those of the Late Cretaceous
The northern Paleogene floras were further dif |
ferentiated into two floras and those in the squth
into three. These were controlled by geog!*aphl‘{al |
and climatic factors. At that time, China was still
in a lower latitude, under a subtropical chimai¢.

The northern Paleogene flora was compflsed |
mainly of deciduous plants, such as Carpinie
Alnus, associated with some evergreen Specics
such as Quercus, Dryophyllum, and conifers Se-
quoia, Metasequola, Glyptostrobus, Taxodium,
and Torreya.

The southern Paleogene flora, which was Qh”' |
acterized by typical subtropical taxa, cons 5
mainly of evergreen trees and shrubs. The 2 |
baceous ground cover was chiefly of drqush‘ e |
sistant plants, such as Ephedra and Schzzat’a‘-vas
most cases the leading role in the forest§ >
played by numerous Lauraceae, such S Cmuch
momum, Laurus, and evergreen Faga.CCaeé:m’ |
as Quercus (including C yclobalanOPS'S)’

nopsis, Lithocarpus, and palms.

CHINA
DRY CLIMATE FLORA OF NORTHWESTERN

This flora developed in Xinjiang, Qingha!.
western Gansu at the beginning of Pal
later extended to western Inner MOF a
grassland vegetation occupied the plain

.desert (FI&
beginning but gradually became semidese

According to palynological records, l{i’b‘h; o
gocene some Abies and Picea forests Wi
were flourishing in the high hills on
side of the Zhungaer Basin, as were
ests in the lower latitudes. Deciduo cus, OO
composed of Betula, Tilia, Acer, Que ro;’ and |
pinus, Castanea, Juglans, Alnus. P’S‘; i
Rhus, Carya, Ginkgo, and Mag"OIm" the foot ,r
ments of Elacagnaceae were scattered lﬂo P
hills. The undergrowth included herbs
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baginaceae, Primulaceae, Labiatae, Compositae,
and others. The drought-resistant plants, Ephed-
ra and chenopods, were widely distributed on
the plain (Hsu, 1956).

Some forests of Abies, Picea, Pinus, Cedrus,
Betula, and Quercus lived on the hills around the
Quidam Basin. Trees of Magnoliaceae and Pro-
leaceae grew scattered in the valleys. The un-
dergrowth included herbs of Compositae, Cru-
ciferae, Gramineae, and others (Hsii et al., 1958).

In western Gansu, pine forests were better de-
veloped in the hills around the Jiuquan Basin.
Magnolia and Ginkgo grew on hilly tracts.
Drought-resistant Ephedra was widely distrib-
uted on the plain (Song, 1958).

WARM-TEMPERATE TO SUBTROPICAL DECIDUOUS
AND CONIFER FORESTS IN NORTHEASTERN
CHINA AND NORTH CHINA

This flora was the successor of the Boreal Late
Cfe.taceous mesophytic flora of northeastern
China, the eastern part of Inner Mongolia, and
North China. Although no Paleocene megafossils
have so far been recorded in this area, a Sporo-
POI!Cn assemblage in Fushun (123.9°E, 41.8°N)
indicates that some mesophyllous forests flour-
mhefi, in which Sphagnum, Lycopodium, Se-
duola, Metasequoia, and Ginkgo were present.
Of the angiosperms, Ulmaceae, Juglandaceae,
Bel.ulaceae, and Myricaceae were predominant.
Thfs flora was also composed of Pinus, Picea,
Alk& Cedrus, Quercus, Ulmus, Salix, Buxus,
Liquidambar, Cornus, and Magnolia. The gen-
¢ral aspect of this flora was very similar to those
of th.e same age found in East Siberian and Sa-
ngg;‘ Island (Song & Liu, 1976; Sun, Du & Sun,
| B)’ the late Eocene, Osmunda, Lygodium, Sal-
"hia, Ginkgo, Metasequoia, Sequoia, Glypto-
-;i'obus, Torreya, Taxodium, Keteleeria, Pinus,
Copu(us, Comptonia, Alnus, Betula, Corylus,

pinus, Fagus, Dryophyllum, Quercus, Zel-
Kova, Celtis, Nelumbo, Trochodendron, Cercidi-
z'}’llum’ Schisandra, Cinnamomum, Lindera,

Vdrangea, Hamamelites, Fothergilla, Exocar-
TI,‘;" Rosa, Acacia, Mimosites, Phellodendron,
'Pazmhus- Rhus, Acer, Koelreuteria, Meliosm.
mi “rus, thmnus, Zizyphus, Ampelopsis, Fir-
Sazanf' Fraxinus, Viburnum, Sparganium, and
Be ites existed in Fushun (Fig. 2:2). Fagaceae,
na“‘laceae, Ulmaceae, Rosaceae, and Rham-

“€ae were most abundant. Most of them are

deciduous, except Dryophyllum, Cinnamomum,
and Sabalites. Most genera are subtropical to
warm temperate, but Osmunda, Ginkgo, Meta-
sequoia, Sequoia, Glyptostrobus, Torreya, Tax-
odium, Keteleeria, Dryophyllum, Meliosma, and
Firmiana are almost subtropical, and Lygodium,
Cinnamomum, Acacia, and Meliosma are chief-
ly tropical.

In this flora, one-fourth of the species, such as
Osmunda lignitum, Alnus corylina, Betula po-
puloides, Celtis preacuminata, Dryophyllum saf-
fordii, Lindera antique, Hamamelites inaequalis,
Rosa hilliae, Acacia aquilonia, Mimosites var-
iabilis, Ampelopsis acerifolia, Fraxinus rupina-
rum, Viburnum speciosum, Sparganium anti-
quum, Ginkgo adiantoides, Glyptostrobus
europaeus, and Nelumbo protolutea, as judged
from the illustrations, seem similar to the Paleo-
cene-Eocene plants of North America. Similarly,
more than one-fourth of the species appear to be
similar to European, Central Asian, and Siberian
plants. These include Osmunda lignitum, Ly-
godium kaulfussii, Ginkgo adiantoides, Glyptos-
trobus europaeus, Metasequoia disticha, Taxo-
dium tinajorum, Alnus schmahausenii, Betula
subpubescens, Dryophyllum dewalquei, Zelkova
ungeri, Cercidiphyllum arcticum, Lindera anti-
gua, Phellodendron grandifolium, Paliurus col-
ombii, Rhamnus duensis, Fraxinus juglandina,
F. rupinarum, and Viburnum nordenskioldlii.

Taxodium, Sequoia, Comptonia, Fothergilla,
and Sabal are extinct in China, but still live in
North America. By this time Metasequoia, Alan-
gium, Trochodendron, Pterocarya, Platycarya,
Zelkova, Cercidiphyllum, Cinnamomum, Koel-
reuteria, and Paliurus existed in both northeast-
ern China and North America. They now occur
only in eastern Asia.

Middle Eocene microfossils in the coastal re-
gion of Bohai also show that the climate of North
China was warm temperate, characterized by a
predominance of Taxodiaceae, Betulaceae, Ju-
glandaceae, Ulmaceae, Sapindaceae, and also
Alangium, Platycarya, Lygodium and Osmunda.
By late Eocene-early Oligocene, Ephedra and
Schizaea were abundant there. During the mid-
dle Oligocene, Quercus, Ulmus, Alnus, Salix, and
Melia became dominant, and, in the late Oli-
gocene, Ulmaceae and Juglandaceae became pre-
dominant.

As a whole, the Paleogene flora of North China
was composed of Abies, Larix, Picea, Cedrus,
Keteleeria, Pinus, Tsuga, Carya, Engelhardia,
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Platycarya, Pterocarya, Alnus, Betula, Carpinus,
Fagus, Quercus, Ulmus, Celtis, Trochodendron,
Nelumbo, Magnolia, Liquidambar, Melia,
Elaeagnus, Tilia, Rhamnus, Nyssa, Cornus,
Aralia, Symplocos, Fraxinus, and Lonicera, as-
sociated with some elements of Liliaceae, Chen-
opodiaceae, and Compositae.

DRY CLIMATE FLORA WITH SCATTERED FORESTS
IN THE SUBTROPICAL ZONE
OF CENTRAL CHINA

Judged from a Paleocene sporo-pollen assem-
blage found in Jiangxi (Sun & He, 1980), the flora
was composed chiefly of Schizaeaceae, Pterida-
ceae, Ulmaceae, Fagaceae, Lauraceae, Moraceae.
Sapindaceae, Santalaceae, Magnoliaceae, Nys-
saceae, Symplocaceae, Hamamelidaceae, and the
tropical families Rutaceae, Anacardiaceae, Pro-
teaceae, Araliaceae, Sapotaceae, Meliaceae, Big-
noniaceae, Olacaceae, and Palmae. The genera
Schizaea, Pteris, Ephedra, Ulmus, Hemiptelea,
and Quercus were most abundant, followed by
Corylus, Sorbaria, Lespedeza, Rosa, Chenopo-
diaceae, Cruciferae, Leguminosae, Polygalaceae,
and Lythraceae.

Up to the Eocene, Quercus, Xylosma (Fla-
courtiaceae), Anacardiaceae, Hamamelidaceae,
Myrtaceae, Symplocaceae, Nyssaceae, Santala-
ceae, Sapotaceae, and Olacaceae were very abun-
dant. The temperate elements Betula and Ju-
glans were less abundant.

T'he sporo-pollen assemblages of Hunan and

Hube1 of the same ages were similar to those of

Jiangxi as described above.

By the late Eocene, megafossils of Cinnamo-
mum cf. lanceolatum Heer and Comptonia an-
dersonii Florin were recorded in Hunan (Sze &
Lee, 1954). Some megafossils of the form genus
Palibinia have been found in Shanxi, Henan. and
Hunan (Tao, 1965; Li, 1965; Liu & Kong, 1978)
(Fig. 2:3). The narrowness and coriaceous texture
of the leaves indicate drier sites. Associated with
these 1n Henan are leaves of Ulmus, Fraxinus,
Sophora, Crataegus, Campylotropis, Lespedeza,
Cercidiphyllum, Zelkova. Dalbergia, Zanthoxy-
lum, and pollen of Ephedra. Carpinus, Myrica-
ceae, Taxodiaceae, Cruciferae, and Leguminosae
(Liu & Kong, 1973). Palibinia has been found in
Bembridge, Isle of Wight. England, and Turk-
menia of the same age. Evidently this flora was
closely connected with the subtropical Tethyan

Tertiary region of southwestern Asia and south
Europe.
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DECIDUOUS AND EVERGREEN FORESTS WITH
CONIFEROUS FORESTS IN THE SUBTROPICAL |
ZONE OF COASTAL REGION |
OF EAST CHINA

This flora covered the coastal region of Jiang:
su, Zhejiang, and Fujian provinces. As men- |
tioned above, during this period mountains arost
parallel to the coast line. By Paleocene-Eocent
time, some deciduous and evergreen forestschief
ly of Ulmaceae (Ulmus, Zelkova, Aphanamhg.
Celtus, Trema, and Ostrya), Betulaceae (Carpr
nus, Alnus, Corylus), Juglandaceae (Carya.
Pterocarya, Juglans), and Fagaceae (Fagis,
Quercus) associated with Taxodiaceae and Pl
naceae (Pinus, Keteleeria, Cedrus, Picea, Abies
forest flourished in these mountains. Some trof”
ical elements of Abelia, Rhus, Proteaceac, Mag-
noliaceae, and Olacaceae were present, as Jud@
from palynological records (Wang et al, 1979,
Song et al., 1981; Petroleum Geological Explo-
ration Team of Xijiang, 1979) (Fig. 2:4).

Up to the Oligocene, forests of Ulmaceac. Fa-
gaceae, and Meliaceae were abundant. I.ﬂ this
flora there were some elements of Magnoliactat
Juglandaceae, Myrtaceae, Rubiaceae, Momwr:?: |
Araliaceae, Betulaceae, Oleaceat, E.U.pho :
aceae, and Rosaceae associated with 7/ia, Rhu?'h |
and others. By this time, herbaceous plants.® = |
as Convolvulvus, Gentiana, Hedyotis, and (0 .
positae, were present. Among the gy mn"swﬁu
Taxodiaceae became better develoP‘{d thaﬂhm |
pinaceous plants. Ephedra and Schizaed “ |
been recorded, though not abundant. Thit ihat |
dicates that this flora was more humid than
of Central China (Wang et al., 1979).

e

MIXED
DECIDUOUS AND EVERGREEN FORESTS E
WITH CONIFEROUS FORESTS IN T:ETmON
SUBTROPICAL ZONE AND MANGROVE VE

ASEA |
ALONG THE SHORE OF THE SOUTH CHIN

Chind
This area covered most parts of S"“t:llands of

including Guangxi and Guangong and = "o
the South China Sea. By the Paleocent:

mainly composed of Ulmaceac,
and Sapotaceae.

During the Eocene, palms be
Other predominant plants Werc Cas
mus, Celtis), Rutaceae, Fagaceac (Q“"r;tw '
tanea), Juglandaceae (Carya, Juglans
va), Liquidambar, Alnus, Salix; .3“0{ Rhis
Taxodiaceae (Sun, 1982). Megafossil®
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(Schenk, 1883), Osmunda, Lygodium, Palibinia,
Cinnamomum, Nelumbo, Trapa, Nordenskioel-
dia, Goeppertia, Eucommia, Cyclocarya, Citrus,
Ocotea, Dryophyllum, Nectandra, and Sabalites
(Guo, 1965) were recorded (Fig. 2:5).

Of the 18 species, one-third of them have been
recorded from the Paleogene of North America,
such as Lygodium kaulfussii Heer, Osmunda lig-
nitum (Giebel) Stur, Nelumbo protospeciosa Sa-
porta, Nordenskioeldia borealis Heer, and Dry-
ophyllum puryerensis Berry. Others have been
found in Europe, Kazakhstan, and Japan, such
as Palibinia laxifolia Korovin, Lygodium kaul-
fussii, Cinnamomum naitoanum H. & T., C. lar-
ttii Watelct, Nelumbo protospeciosa, and Nor-
denskioeldia borealis.

- Up to the Oligocene, judged from palynolog-
ical data, temperate elements, such as A/nus, Bet-
ula, Juglans, Cedrus, and Ephedra, became pre-
dominant and also included Juglans, Quercus,
and the subtropical Liguidambar. The tropical
Caesalpinia (Leguminosae) and the water fern
Ceratopteris were well represented. Mangrove
vegetation appeared along the Pacific coast. This
llora was closely related to the Paleogene flora
of Borneo. Many types of pollen are identical in

‘ach area, especially Florschuetzia (possibly
pollen of Sonneratia).

SUBTROPICAL HIGHLAND FLORAS OF XIZANG,
YUNNAN, AND GUIZHOU

Some fossils were recorded from the Xigaze
Group of the Yarlung Zangbo valley (Guo, 1975)
and the Qiuwu and the Menshi Series of the west-
eq\most corner of Xizang (Geng & Tao, 1982)
Fig. 2:6), including Salicaceae (Salix, Populus),
Moraceae (Ficus), Cercidiphyllaceae (Cercidi-
4 hy”“'")’ Araliaceae (Aralia), Fagaceae (Quer-
“Us), Juglandaceae (Juglandites), Celastraceae
;Celas" us), Leguminosae (Cassia, Sophora),
Mhamnaceae (Rhamnus), Rosaceae (Spiraea),
. dfantaceae (Phrynium), Liliaceae (Dianella),

hyseraceae (Cyperacites), and Typhaceae (7y-
fign)c;d The age of these fossils was formerly as-
La by the authors to the Late Cretaceous and

e qmmmous to Eocene, respectively. After
::nt Investigation by field geologists, both have
Songl shown to‘ belong to the Eocene (Yin, per-
live .comm\}nlcation). Most of these genera now
Ph 5 thplca! regions. Ficus is pantropical.
tro’).’m“’" Is distributed in Indomalaysia and
AsPlcal Africa. Dianella is distributed in tropical

'a, Australia. New Zealand, and Polynesia.
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Of the 23 species, half of them, as judged from
illustrations, seem similar to Paleogene plants of
North America, such as Populus latior Al. Braun,
Salix meeki Newberry, Juglandites sinnatus Les-
quereux, Ficus daphnogenoides (Heer) Berry, F.
myrtifolia Berry, F. stephensoni Berry, Cercidi-
phyllum ellipticum Brown, Rhamnites eminens
Bell, Viburnum asperum Newberry, Cassia fay-
ettensis Berry, C. marshalensis Berry, and Ce-
lastrus minor Berry. Others, such as Salix vi-
minalis L. and Spiraea alpina Tureq., resemble
those of Europe and East Asia.

A tropical-subtropical Oligocene flora occurs
in Jinggu, southern Yunnan. It is mainly com-
posed of evergreen plants, Lauraceae (Phoebe,
Machilus and Nothophoebe), and Fagaceae
(Lithocarpus, Quercus and Dryophyllum). Oth-
ers were of Annonaceae (Annona), Araliaceae
(Oreopanax), Combretaceae (7Terminalia), Mo-
raceae (Ficus), Styracaceae (Rehderodendron),
Leguminosae (Cercis, Erythrophloeum), and
gymnosperms (Cephalotaxus, Calocedrus).
Shrubs of Rhus, Rosa, Jasminum, and Sorbus
were part of the understory. Similar specimens,
such as Zelkova ungeri, Myrica banksiaefolia,
and Carya cordioides, have been found in Europe
and Central Asia, and Oreopanax oxfordensis
and Quercus simulata have been recorded from

North America.

NEOGENE VEGETATION IN CHINA

By Neogene time China was at a slightly higher
latitude. Neogene taxa were more modern, the
flora was more complex in composition, and her-
baceous plants were better developed.

TEMPERATE-WARM TEMPERATE FORESTS AND
GRASSLANDS AND DESERT-SEMIDESERT
FLORA OF NORTHWESTERN CHINA

This flora was developed 1in Xinjiang, Qinghai,
and Gansu, but later extended to eastern Inner

Mongolia.
By the Miocene, due to decreased temperature,

Larix and Picea forests began to develop in the
Altai Mts.. and the alpine Sabina forests covered
mountains of northern Xinjiang. Deciduous for-
est composed of Betula, Ulmus, Salix, Populus,
Juglans, Alnus, Corylus, and Tilia occurred in
some foothills. Grasslands with Artemisia,

Ephedra, and chenopods covered the plains. Most
parts of the Talimu Basin were covered by grass-
land. Some trees of Taxodiaceae, Palmae, Myr-

taceae. Lauraceae, Magnoliaceae, Anacardi-
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aceae, Ulmaceae, Quercus, and Juglans were
scattered in the foothills north of the Talimu
Basin (Hsii & Li, 1980). Subalpine coniferous

forests composed mainly of Pinus, Cedrus, Abies,

Tsuga, and Juniperus were flourishing on the

northern slope of the Kunlun Mts. (Hsii & L1,
1980). Deciduous forests of Quercus, Castanea,

and A/nus occurred in the valleys. Grasslands of

chenopods, Polygonaceae, and Cyperaceae, as-

sociated with Ephedra, covered the plains of the

Quidam Basin and Gansu (Hstii et al., 1958). Af-
ter the withdrawal of the Obé Sea from Central
Asia, the Mediterranean elements Tamaricaceae
and Zygophyllaceae (Nitraria and others), mi-
grated through Central Asia to the Quidam Basin
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1s well represented by the Shanwang flora (Hu &
Chaney, 1940; Inst. Bot. and Inst. Geol. and Pa-
leont., 1978). It was mainly composed of decid-
uous trees and shrubs associated with some ev-
ergreen elements. The flora includes Fagaceae
(Castanea, Castanopsis, Quercus), Betulaceae
(Alnus, Betula, Carpinus, Corylus), Juglandaceae
(Carya, Platycarya, Juglans), Ulmaceae (Ulmus
Celtis, Zelkova), Salicaceae (Populus, Salix)
Moraceae ( Broussonetia), Hamamelidacea
(Fothergilla, Hamamelis, Liquidambar), Rosé
ceae (Crataegus, Eriobotrya, Malus, P{'unus,
Rosa, Spiraea), Aceraceae (Acer), Anacardiaceat
(Rhus, Pistacia), Sapindaceae (Aesculus, Koer
reuteria), Saxifragaceae (Hydrangea), Legum:

and Gansu (Li, 1960). In certain places salt marsh nosae (Albizzia, Cercis, Gleditsia, Gymnocladis.

vegetation appeared (Fig. 3:1).
Active orogeny of the Himalayas and other

mountains 1n Xizang caused the climate of

northwestern China to become drier than before.
The alpine forests of Larix and Picea, in addition
to Abies, were better developed in the Altai Mts.
Some pine forest mixed with Betula, Ulmus,

Quercus, Corylus, and Tilia appeared in the foot-
hills. But Picea forests were better developed in

the Tianshan, western Kunlun, and Qilian Shan,
with an understory of some Rosa and Spiraea

shrubs (Hsii & Li, 1980). On the plains occurred

a vegetation composed of drought-resistant 7a-

marix, Nitraria, Ephedra, Artemisia, Chenopo-
diaceae, Polygonaceae, and Gramineae. Decid-

uous forests of Populus, Salix, Ulmus, Acer.

Fraxinus, and Celtis were scattered in some val-
leys (Hsii & Li, 1980).

WARM TEMPERATE TO SUBTROPICAL DECIDUOUS
FORESTS AND GRASSLANDS OF
NORTHEASTERN AND NORTH CHINA

Palynological investigation shows that at the
beginning of the Neogene forests of Piceg. Pinus,
Carya, Fagus, Quercus, Alnus, and Celtis were
distributed in the Sanjiang Plain (126 to 128°E,
46 to 48°N) of northeastern China. Later, forests
of Abies, Picea, Betula, and Pinus became dom-
mnant due to decreased lemperature (Li, 1982).

By this time, some mesophyllous forests ap-
peared in Shanxi and Hebei, composed mainly
of Pinaceae, Betulaceae, Fagaceae, Ulmaceae,
Juglandaceae, and Rosaceae. Among them some
thermophilous elements such as Carya Liquid-
ambar, and Corylopsis were present (Li, 1982).

The late Miocene flora of Shandong (Fig. 3:2)

Pueraria, Sophora), Celastraceae (Celastrus, Ei

onymus), Rhamnaceae (Berchemia, Hoveni

Paliurus, Ziziphus), Tiliaceae (Tilia), Corl}aﬁeac
(Cornus), Ebenaceae (Diospyros), Bigﬂo‘?mmc
(Catalpa), Vitaceae (Ampelopsis), anq Simart-
baceae (Ailanthus), plus some subtropical plans
of Araliaceae (Kalopanax), Magnoﬁacege (Mag-
nolia), Lauraceae (Lindera, Lilsea, C mnama‘;'
mum), Rutaceae (Evodia), Euphorbiaceae (Mcal
lotus), Ulmaceae (Aphananthe), an@ trop!
plants of Sterculiaceae ( Commersonia), Mo |
ceae (Ficus), and Vitaceae (Tetrastigma); ;
This flora consists of 125 species, of wthhS ‘1'3 |
Corylus macquarrii, Juglans acuminala, f; 2
angusta, Astronium truncatum, and Fraﬂm
dayana, seem similar to those of North Ameflum |
Ten species, Amelanchier sibirica, fodOZO”n:{ i |
ochningense, Acer subpictum, Vitis roma t.
Viburnum nordenskioldii, Corylus macquaf" |

argusta, and Astronium truncatun, s
mon to those of Europe, Central Asia
beria. It is interesting to note that Fol
existed there, but is not now in China. !

According to palynological investlgati;’ A’Mﬂ‘ ‘
mus was quite dominant in this flora, an |
sequoia, Sequoia, Glyptostrobus, and
lived there (Song et al., 1964), tho
are not recorded as megafo§sils.

part of North China. Mixed fOIteSIS 0
Cryptomeria, Pinus, Betula, S alix,

cus, Ulmus, Zelkova, Fraxinus, and

were 1017

flourishing; but-many tropical 1rees .

aigu,

ger present. Megafossils found 10 T
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were composed mainly of Quercus, Ulmus, Acer,
Amelanchier, Ribes, and Leguminosae, all of
which are native plants now. No taxa are known
to be 1identical with those of North America.

SUBTROPICAL EVERGREEN AND DECIDUOUS
FORESTS OF CENTRAL AND EAST CHINA

During the Miocene, the vegetation of Central
and East China turned into coniferous and ev-
ergreen and deciduous forests in sharp contrast
to those of the Paleogene. Forests of Pinus, Ke-
teleeria, Cedrus, Carya, Castanea, Quercus, Ul-
mus, Liquidambar, and Tilia were better devel-
oped. Judged from palynological records, the
coniferous forests of East China were mainly
composed of Pinus, Abies, Tsuga, Picea, Kete-
leeria, and Cedrus. Deciduous forests were main-
ly composed of Ulmaceae (Ulmus, Celtis, Zel-
kova), Juglandaceae (Carya, Juglans, Pterocarya),
Betulaceae (Betula, Alnus, Corylus), Fagaceae
(Quercus, Fagus, Castanea), Hamamelidaceae
(Liquidambar, Fothergilla, Corylopsis), and
Myricaceae (Myrica), mixed with some ever-
green trees like Magnolia, Quercus, Symplocos,
®ic. Carya, Pterocarya, Sapindus, Ilex, Symplo-
cos, Corylopsis, Pittosporum, Melia, Liquidam-
bar and some elements of Rutaceae, Euphorbi-
dCeae, Myrtaceae, and Olacaceae existed there,
‘cpresenting a flora of subtropical nature. Her-
baceous plants were quite abundant, mainly
‘omposed of Umbelliferae, Convolvulaceae,
Cruciferae, Cyperaceae, and Gramineae (Guan
ftal, 1979; Song et al.. 1981; Zhenget al., 1981)
(Fig. 3:3).

During the Pliocene, herbaceous plants be-
“@me dominant. Much pollen of Compositae
(Artemisia, Blumea, Dichrocephala, Bidens,
Coreopsis, Ixeris, and others), Amaranthaceae,
Cary Ophyllaceae, and Chenopodiaceae have been
'corded. Pollinia of Orchidaceae also appeared.
Judged from palynological records, the conifer-
ous forests were evidently reduced. Deciduous
fOr.ests became dominant and were composed
hiefly of Ulmus, Celtis, and Quercus. It is worth
noung that the tropical Caesalpinia, Nyssa, Bux-
:)ng orchids, and some Annonaceae and Euphor-
: aceae. are occasionally recorded. Salt marsh

“BClation existed in the coastal region (Zheng
lal, 198]).

By this time, the flora of western Sichuan was

*omposed mainly of Castanopsis, Quercus, and

;m""daphne, associated with some Acer and
obus (Guo, 1978).
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SUBTROPICAL EVERGREEN FORESTS AND
TROPICAL MANGROVE VEGETATION
IN SOUTH CHINA

During the Miocene, forests of this region were
composed mainly of Castanopsis, Quercus,
Lithocarpus, Juglans, Castanea, Carya, Ptero-
carya, Moraceae, Palmae, and Hamamelidaceae.
In the coastal region a vegetation rich in che-
nopods existed. A mangrove vegetation of Son-
neratia appeared along the coast (Sunetal., 1981)

(Fig. 3:4).

SUBTROPICAL EVERGREEN AND DECIDUOUS
FORESTS ON THE YUNNAN AND
XIZANG PLATEAU

By the Miocene, the vegetation of southern
Yunnan was composed of Cupressaceae (Calo-
cedrus), Aceraceae (Acer), Alangiaceae (Alan-
gium), Lauraceae (Laurus, Cinnamomum), Le-
guminosae (Albizzia, Cassia, Dalbergia,
Desmodium, Sophora, and Pithecelobium), Ju-
glandaceae (Pterocarya), Fagaceae (Castanea,
Quercus), Hamamelidaceae (Distylium, Simi-
notonia), and Rhamnaceae (Rhamnella). This
flora was closely related to a flora of similar age
in Vietnam (Inst. Bot. and Inst. Geol. and Pa-
lacont., 1978).

The Miocene flora of northern Yunnan in-
cluded Pinus, Cupressus, Fagaceae (Dryophyl-
lum, Quercus), Lauraceae (Sassafras, Phoebe,
Cinnamomum), Ulmaceae (Zelkova), Anacar-
diaceae (Rhus, Pistacia), and Rhamnacaee (Pal-
iurus) (Fig. 3:5).

By the Pliocene an evergreen forest mixed with
conifers appeared. The chief elements were the
sclerophyllous Quercus semecarpifolia, spathu-
lata, pannosa, monimothicha, and gilliana. Oth-
ers were Acer paxii, Celtis bungeana, Viburnum
ovalifolium, Betula, Populus, Ulmus, Michelia,
and Rhododendron, associated with some Ro-
saceae and Leguminosae. Confers were domi-
nant, including Pinus yunnanensis, Cedrus deo-
dara, Picea, Larix, and Tsuga. Pinus yunnanensis
was very abundant there, but Cedrus deodara
had migrated to the southwestern part of the Hi-
malayas (Tao & Kong, 1973).

During this time, the forests of northwestern
Yunnan were composed mainly of Fagaceae,
Lauraceae, Leguminosae, Theaceae, and Loga-
niaceae. About half of the plants are identical to
the recent ones. Most of them belong to Casta-
nopsis, Ulmus, Eurya, and Strychnos. In addi-
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tion, many species of Rhamnaceae, Fagaceae,
Anacardiaceae, Leguminosae, Rosaceae, Alan-
giaceae, Lauraceae, and Myricaceae also occu-
pied the southern slope of the Himalayas. This
suggests that during the Neogene there was an
extensive migration of plants between Xizang
and Yunnan and the northern part of the South
Asian subcontinent (Tao & Du, 1982) (Fig. 3:5).

By the Miocene, vegetation of central Xizang
was composed mainly of Juglans, Sophora, Pop-
ulus, Betula, Carpinus, Ulmus, Ribes, Crataegus,
Quercus, Thermopsis, Rhododendron, Salix,
Cedrus, Tsuga, Sabina, and Podocarpus. Similar
vegetation was flourishing in the western Xizang
(Hsii, 1981) (Fig. 3:5).

Passing to the early Pliocene, forests of Abies,
Picea, Tsuga, Cedrus, Lithocarpus, Quercus, Fa-
gus, Salix, Carya, Melia, and Ilex were wide-
spread in northern Xizang. It is interesting to
note that pollen of some tropical elements, such
as Podocarpus and Araliaceae and spores of the
epiphytic fern Drynaria, were found at some sites.

Up to the late Pliocene some subalpine forests
were widespread on the northern slope of the
Himalayas. Cedrus deodara and some sclero-
phyllous evergreen oaks, Quercus semecarpifo-
lia, pannosa, and senescens, were predominant.
The general aspect of the flora and the floral com-

position were much like those of the Pliocene
flora of northern Yunnan (Xu, 1981).

QUATERNARY VEGETATION IN CHINA

The Quaternary vegetation in China did not
differ very much from that of the late Pliocene.
However, there were some evident changes, since
the evolution of plants was rapidly progressing.
The change of vegetation during this period was
mainly caused by the effects of decreasing and
oscillating temperature, lowering and rising of
sea level, and variance in topography, especially

the uplift of the Qinghai-Xizang Plateau, the Hi-
malayas, and other mountains.

APPEARANCE OF A COLD TEMPERATE FOREST
ZONE IN THE NORTHERNMOST CHINA

From the late Pliocene up to the late Pleisto-
cene, some Siberian, cold-temperate taxa pene-
trated southward 4° to 5° to form taiga in north-
ern Xinjiang and northern Heilungjiang. Forests
of Larix gmelini migrated southward to-and-fro
several times from the Altai Mts. This forest
passed along the Beitashan Range, was widely
distributed in the Dzongarian Basin, and intrud-
ed the east end of the Tianshan Range (Chang,

1959). Forests of Larix gmelini also migrated
southward several times as far as the Sanjiang
plain (Kong & Du, 1982). By the time of the
Late-Glacial, Abies- Picea forests associated with
Betula were developed on the plain, leaving the
taiga forests flourishing in the Taixinanling and
the Xianxianling Mts. (Fig. 4:1).

SHIFTING OF THE SOUTHERN BOUNDARY OF THE
WARM-TEMPERATE, DECIDUOUS-FOREST ZONE

The southern boundary of the warm-temper
ate zone shifted southward 3° to 5° during the
Quaternary Period. Although the Qinling Rang
is an old mountain range running from west 10
east, across China, it was not high enough ©©
separate climates in eastern China in the early
Pleistocene. The palynological record shows that
the subtropical plants Ginkgo, Podocarpis, Ce-
drus, Tsuga, Pseudolarix, C unninghamiaz Ptq-
ocarya, Platycarya, Carya, and Magnohq S}lll
resided in Shinxi (=Shenxi), north of the Qinling
Mits. (Inst. Bot. and Inst. Geol., 1966). Onlyaflt
the middle Pleistocene, were the Qinling 'M“'
uplifted to the present altitude, thus forming 4
barrier to prevent seasonal winds from
passing over to North China. Since t.hen,
mate of North China has become drier an
er, and the Qinling Mts. have begun to act an
barrier between the subtropical and the Wa““
temperate zones of Eastern China. Accordlnshg
the previously mentioned subtropical plants 1
longer lived in North China (Fig. 4:2).

the cli-
d cool-

OF
EXTENSION OF THE DRY-CLIMATE ZONENA
NORTHWESTERN CHINA TO NORTH CH!

"5 was
By the early Pleistocene the semiarid ;::i; it

limited to northwestern China. Some€ et

eastern Qinhai were still covered bY gra

: d Pr
Only coniferous forests of Cedrus, Piced, a0 '

the middle Pleistocene, the dry
tended westward to North China.
niferous forests were mainly COmMpO3*=
and Picea. Cedrus no longer existed 17 ine chie
tion of Qinhai. A/nus and Populus Wer® to the
components in the deciduous forests. Ugcatioﬂ» |
late Pleistocene, due to the effect of ge8 uch™®
the size of forests and grasslands Wer® mrt (Fi |
duced. Some grasslands became semidese
4:3). :

121 North China some forests of ‘fon:;ccﬁ;mnd |
broad-leaved trees still flourished 10 pedi‘“"
Pleistocene. Grasslands were well develo
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the middle Pleistocene. During the late Pleisto-
cene, deciduous forests and grasslands were much
reduced, and their composition became simpler.
The forests were composed mainly of Ulmus,
Celtis, Morus, Quercus, and Populus. By this time
herbaceous plants were rich in Gramineae,
Chenopodiaceae, Cruciferae, and Compositae
(Inst. of Botany and Inst. of Geology and Pa-
laecontology, 1978).

CHANGE OF VEGETATION DUE TO
OSCILLATION OF TEMPERATURE

During the Pleistocene there may have been
as many as 17 glaciations (Heller & Liu, 1982).
Due to oscillation of temperature during that
Fime, Abies-Picea forests were better developed
in the eastern part of China, but during intergla-
cial periods the forests decreased in area. Faga-
ccae was the most common group in the sub-
tropical and moist zone, while Ulmaceae was the
dorpinant one in the warm-temperate and drier
regions.

During the last glacial (Wisconsian) period
Abies-Picea forests were better developed on the
northern slope of the Qinling Range. Picea wil-
Sonii forest once extended down to the hilly lands
0f 490 m in Weinan (109.5°E, 34.5°N) of Shanxi

(Fig. 4:4), but is widely distributed in the hills of

Hebei., Shanxi, Shinxi and northern Sichuan at
an altitude of 1,600 to 2,500 m. Abies and Picea
for.e.§ts once flourished in the foothills around
Beijing 43010 450 m (Kong, 1976), but now these
forests occur only above 1,600 to 2,000 m in this
area. Fossils of Picea have been found in Panxian
(}04.7°E, 25.8°N) of western Guizhou at an al-
t‘ltude of 1,000 to 2,000 m, but this spruce now
lives at an altitude of 2,200 to 2,400 m in north-
M Guizhou. By this time Abies-Picea forests
Were also widely distributed in East China. Now
only a few trees of Abies survive as relicts in the

:;lls of Zeijiang and northern Guangxi (Fig. 4:

VEGETATIONAL CHANGES DURING THE
QUATERNARY IN THE XIZANG PLATEAU

During the early Pleistocene, the Xizang Pla-
}““ was about 3,000 m in elevation. Subalpine
QNsts of Cedrus, Pinus, Betula, Quercus, Car-
gi"“s- and A/nus were widespread in the central
4 bzah)'?S, while subalpine forests of Larigc,
- ; Picea, Pinus, and Sabina flourished in

m apd northern Xizang, and subalpine for-
;(Sts of Picea and Sabina occurred in northern
‘#ang. By that time, the xerophilous plants 7a-
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marix and Nitraria had already migrated from
the Qinghai Plateau to northern Xizang (Fig. 4:
5).

During the middle Pleistocene, the Xizang Pla-
teau was uplifted to 3,500 m in altitude. Subal-
pine forests of Picea, Cedrus, Sabina and scle-
rophyllous evergreen Quercus semecarpifolia,
pannosa, and senescens were widely distributed
in the central Himalayas. But subalpine forests
of Pinus, Betula, Quercus, Carpinus, and Alnus
still occurred there. Due to decreased tempera-
ture and rainfall only few forests could survive
in northern Xizang, so xerophytic plants Ephed-
ra, Tamarix, Nitraria, Artemisia, and chenopods
were better developed there.

As the result of uplift, as the Xizang Plateau
rose to 4,000 m, few forests could survive 1n
northern Xizang.

Passing to the Post Glacial, the altitude of the
Xizang Plateau was 4,500 m in elevation, and
the vegetation of most parts of Xizang became

alpine steppes.

ACCELERATION OF EVOLUTION DUE TO
TOPOGRAPHIC AND CLIMATIC CHANGES

The speed of evolution of the angiosperms of
Xizang was accelerated by the uplift of the Xi-
zang Plateau. Plants in Xizang adjusted to the
influences of topographic and climatic changes
by evolving some new genera and species. More
than 32 new genera of Umbelliferae, Primula-
ceae, Solanaceae, Compositae, and Gramineae

have recently been discovered in Xizang (Wu et
al.. 1981). Most of the species of Gramineae are

polyploids (Liu, personal communication). At the
same time, a new regional alpine flora was formed

(Wu et al., 1981) (Fig. 4:6).

MIGRATION OF PLANTS BETWEEN MAINLAND OF
CHINA AND THE ADJACENT ISLANDS

Lowering of sea levels caused by the with-
drawal of ocean water to form the Pleistocene
ice sheets caused the Pacific coast to extend east-
ward to the Taiwan-Ryukyu Area-Kyushu dur-

ing the glacial periods. This enabled some plants
from Fujian to migrate directly to Taiwan and

from Guangdong to Hainan, and vice versa (Fig.
4:7).

THE RELATIONSHIP OF CHINESE PAST FLORAS
wiTH THOSE OF NORTH AMERICA

Paleobotanical records previously mentioned
tell us that most of the Late Cretaceous and Pa-

leocene-Eocene plants were widely distributed 1n
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Laurasia. During the Late Cretaceous less than
one-third appear to be similar to European, Cen-
tral Asian, and Siberian species and one-half to
two-thirds appear similar to North American
species. By the time of Paleocene-Eocene, one-
third to one-fourth of the species seem similar
to those of Europe, Central Asia, and Sibena,
and one-fourth to one-half seem similar to those
of North America. This reflects an extensive mi-
gration between the Chinese and North Ameri-
can floras via Central and West Asia and Europe
before the middle Eocene, as there were no ef-
fective barriers such as ocean or high mountains
in these regions. By this time there was also no
land bridge available in the Bering region for
migration of plants between Asia and North
America.

By the Oligocene most species in China were
of eastern Asiatic origin. One-tenth were com-
mon with the plants of Europe and Central Asia
and less than one-tenth appear to be similar to
those of North America. Until the Miocene about
one-tenth of the plants recorded in China were
common with the European, Central Asian, and
Siberian species, and only one-twenty-fifth seem
similar to the North American species. Up to the
Pliocene, most of the Chinese plants were of east-
ern Asiatic origin, only a few were common with
European, Central Asian, and Siberian species,
and very few appear to be similar to North Amer-
ican species. This means that after the Eocene
Chinese vegetation was rapidly modernized by
a loss of the American elements. Some Chinese
Oligocene and Miocene species common with
those of North America are remnants of meso-
phytic plants once widely distributed over all the
northern hemisphere.

I agree with the view of Li (1971) that most
of the present isolated and disjunct genera of
eastern Asia, especially of China, and eastern
North America are the remants of ancient plants
widely distributed all over the northern hemi-
sphere. I also agree with the view that the present
disjunction of genera is mainly due to “Tertiary
and Pleistocene extinction, except the local areas
with persistence of favorable climatic condi-
tions™ as claimed by Schuster (1976).

At present, eastern North America and eastern
Asia (especially the southern part of China) are
two 1mportant relict temperate centers in the
northern hemisphere, because in both regions
there were no extensive Pleistocene glaciations
and they both have more favorable climatic con:
ditions. However, of these two regions, eastern
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Asia (especially southern China) has more relict

genera than eastern North America.
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